A special Slag-Prop Cu database has been developed to archive data from laboratory and industrial tests related to post-reduction slags. In order to enrich the data areas, it was decided to design a system for measuring the temperature of the liquid slag and its viscosity. Objectives of research work are to gather information on the properties of post-slags such as the temperature of liquid slag and its viscosity. The discussed issues are especially important in the foundry practice. Designed research stand and using of database applications can greatly facilitate the work of metallurgists, foundrymen, technologists and scientists. The viscosity measurement was developed and presented earlier. The author's analytical methodology was supplemented by a thyristor measuring system (described in the article). The system temperature measurement can be performed simultaneously in 3 ways to reduce the measurement error. Measurement of the voltage mVusing the Seebeck effect can be measured throughout the entire range of thermocouple resistance, up to 1300 °C. Direct temperature measurement ⁰C -measurement only below 1000 ⁰C. Additional measurement -the measurement can also be read from the pyrometer set above the bath. The temperature and the reading frequency depend on the device itself. The principle of measurement is that in a molten metal / slag crucible, we put a N-type thermocouple. The thermocouples are hung by means of a tripod above the crucible and placed in a crucible. The thermocouple is connected to a compensating line dedicated to this type of thermocouple. The cable is in turn connected to a special multimeter that has the ability to connect to a computer and upload results. Temperature measurement can be performed simultaneously in 3 ways to reduce the measurement error. The Sn-Pb alloy has been subjected to testing for proper operation of the device. In this foot should be observed the supercooling of the liquid, which initiates the crystallization process and in which latent heat begins to exude raising the temperature until the coagulation temperature is reached.
Introduction
During production and refining processes, a significant proportion of the metal passes to the slag. As indicated by laboratory tests, 11 to 16% of copper Cu alone can be present, [1, 2] whereas, according to Madej and Kucharski, more than 9% Cu copper can be present in the converter slag [3] . Slag modification treatments are necessary not only for the recovery of copper. The treatments also allow for further processing to recover precious materials such as silver, gold or platinum. Due to the very high weight of the process of copper removal from slag, the process improves through various technological additives, followed by evaluation of the efficiency of the slag [4, 5] .
Analysis of the issue
The Slag-Prop Cu database [6, 7] was prepared based of their physical, mechanical and technological properties, collected from their own research and literature. The database combines the information collected over the years of laboratory and industrial research. Measurement of coagulation kinetics is a well-known method [8] [9] [10] . The results of the slag solidification kinetics analysis are missing. In order to supplement the database with these results, a measuring device was designed and constructed. In addition, in order to enrich the data areas, it was decided to design a system for measuring the temperature of the liquid slag and its viscosity. The viscosity measurement was developed in the previously developed analytical methodology, which is supplemented by a thyristor measuring system. The thyristor system is a component of a multimeters allowing you to read voltage and temperature values for a melt or slag. Due to the high class of equipment, very accurate results are obtained. 
Measuring system
In the above figure (Fig. 1) is shown a scheme of a system for measuring the temperature of a liquid metal or slag. The design of the laboratory stand has been designed so that it can be carried out not only in the laboratory, but easily transported to a factory for easy measurement. The laboratory stand allows for a simple thermal analysis. The method of curve of heating it consists of to continuous and dynamic temperature testing of a heated or chilled sample at constant speed. Thanks to the research, curves of heating of the given sample, representing the temperature value as a function of time, are obtained. The basic capabilities of the constructed system are the melting and crystallization of metals and alloys, the possibility of preparing phase equilibrium diagrams of the tested substances as well as the ability to determine the degree of purity of a substance by knowing its melting temperature. The basic layout elements are listed in table 1 ( Table 1 ). The working elements are N-type thermocouple with 300 mm probe and 100 cm compensation cable to connect them to the appropriate meter. According to their manufacturer they are made of a nicrosil alloy and allow for temperature measurement from -230°C to + 1300°C.Nicrosil alloy is nickel and chromium alloy. It has a very high sensitivity (about 39 μV /°C) and very good thermal stability, comparable to platinum thermocouples. Due to its affordable price it was chosen for research. It is worth to pay attention to the crucible with the test sample, which has been made in steel, and the walls in the narrowest place are 1 cm thick. Thanks to such construction, the sample can not only be safely placed in a vessel but also melted in a laboratory oven without fear of damaging the vessel itself. In addition, the process of cooling the material in this case is much longer, allowing for a more precise recording of the thermal changes occurring in the system. Thermocouples are connected to UNI-T UT70B multimeters. The system uses 2 different measurements to eliminate the measurement error of the sample being tested. The first of the multimeters performs direct measurement of the temperature read through the probe. The measuring range of this device is limited to 1000⁰C, but nothing prevents the device from being connected to a device with a wider measuring scale. The second probe is in turn connected to the other meter. Here, the Seebeck phenomenon is used, which is a thermoelectric phenomenon involving the formation of an electromotive force in a circuit whose two metals are at different temperatures. In this case, there is a direct measurement of the voltage expressed in mV. The measurement made by this method can be carried out throughout the measuring range of the thermocouple, i.e. to 1300°C and above. In order to convert voltages to temperatures, the thermocouple can be calibrated in an electric furnace by studying its behavior relative to the reference element.
Finally, a GM 900 type pyrometer was added to the entire system. This device can read the temperature of the top layer of the liquid slag and its reaction surface after being removed from the furnace. From the point of view of the system liquid metal -slagatmosphere, the phenomenon of oxidation occurs here most intensely. The following table (Table 2) gives the measuring ranges of the device for contactless temperature measurement with measuring accuracy. -
100 ~ 900 ±1,5%
Database
The material base has been introduced as well as it has the ability to independently add various information regarding the physicochemical properties of certain slag mixtures such as melting point, wetting, surface tension, viscosity, electrical conductivity and others. Each specific property refers to the specific composition of the slag mix. The material database also has experimental data obtained from own research. Not only thermal analysis but also DTA and TG research. On this basis, it will be easy to obtain information on the refining capacity of the selected slag composition. The database can be used not only to search for optimum conditions meeting technological and construction criteria. It may also serve as a basis for setting new scientific orientations. Essential, therefore, is that the database is openness and can be filled up with new data obtained in laboratory or industrial environments. At the beginning of the operation of the program, the user indicates the kind of analysis he is interested in. That is, it must indicate whether it will want to check the physicochemical and refining characteristics of a certain type of slag, or whether it will seek areas with given physicochemical properties, with a final indication of refining capacity. After indicating the type of analysis, it is assumed that in the next step it will be possible to determine the type of slag the user is interested in and determine the additional parameters of the layout (e.g. kind of atmosphere).If a user in the first step declares to search for information on the specified area after specifying all the necessary information, he or she will be able to point to an interesting field where the results of the analysis of the area will be presented. If a user wanted to search for areas that matched criteria he must specify the type of expected properties and then enter them into the program. Then the base content filtering will be performed. Finally, the search results will be displayed to the user. In addition, the user will be able to check the orientation of the location in which the sophisticated area is located or whether it has additional physicochemical properties.
Irrespective of the type of analysis, the user must specify more precisely the type of slag he / she would like to obtain information and specify the type of atmosphere in which the process will be carried out. It was decided that the program would include a group of oxide-based slags. The basic system is a 3-component Al2O3 -CaO -SiO2system. Another 4 components can be added to this base system, which can radically change the physicochemical properties of the system. It was assumed that oxide compounds would be considered here (MgO, B2O3, Na2O), and chloride (KCl, NaCl) and fluoride (KF, KF2, NF2). It was also decided to add two oxide components (B2O3 and Na2O) to the base system, thus forming a five-component slag mixture. The user must also choose the type of atmosphere in which the melting process will be performed. The type of atmosphere can in extreme ways influence the properties of the slag. This is why 3 different types of atmosphere are considered here: neutral, oxidizing and reducing. After declaring all the necessary information, the user can go to indicate the area of the particular system. The search for the physicochemical properties of a particular slag mix may not be sufficient in the search for an area meeting certain criteria. In order to simplify the optimal compositions of the described extraction coatings, the second option of the program is used -enter the criteria. The user, after declaring the initial values, is transferred to the place where he has to make an appropriate choice of physicochemical properties. The user may indicate here any physicochemical properties that you would like to search for. These include, but are not limited to: melting point, wettability, surface tension, viscosity, or electrical conductivity. In addition, it can narrow down the search area by introducing an approximate weight ratio of the ingredients of the refining mixtures. In the above figure (Fig. 2) , a fragment of the exemplary 3-component mixture -Al2O3-CaO-SiO2, designated with reference number 190 is shown. This number corresponds to the slag mix composition containing 25-30% Al2O3, 70-75% SiO2 and up to 5% CaO.
In the next figure (Fig. 3) there is a result of the search of the standard areas of the Al2O3 -CaO -SiO2 slag mix, the weight ratio of which allows the melting point of the system to be below or exactly 1000°C, using the appropriate additives, which were reflected in the database. In this case, 6 areas were found meeting the criteria. 
Results of tests
After the construction of the laboratory stand, a number of studies were carried out. The first sample that was investigated was alloy: Sn (60%) and Pb (40%). Figure 4 shows the temperature graphs that were obtained in this experiment. temperature graph on the surface of the bath -pyrometer
As can be seen in the graphs inside the metallic bath, the solid phase nucleation occurs near 140 ° C (Fig. 4a and 4b ). Here you can see the characteristic pitch of the graph, which confirms the voltage chart using the Seebeck effect (Fig. 4b) .Interestingly, a temperature graph made using a pyrometer (4c) is shown -on surface of bath. As you can see the surface temperature of the bath drops to about 55 ° C and then starts to rise above 70 ° C. The observed phenomenon can be explained by the intense formation of the oxide phase of the system at this point, which is an exothermic reaction which results in an increase in the heat released to the outside. Therefore, using the position and various combinations of metal alloys, it is possible to make phase diagrams for individual systems.
In the next cycle of experiments the metallurgical slags were subjected to the tests. One of the investigated slags was the converter slag. Figure 5 ( On the basis of slag investigations, its coagulation characteristics can be determined. It can be seen that the process of its solidification is significantly different from the solidification process of molten alloy or metal, which should be explained by the presence of glassy material. Slags are significantly different chemical composition and physicochemical properties. Slag in the liquid state is an ionic solution, also a strong electrolyte composed mainly of oxides. The pure metals represent only a small percentage of the system, but can be recovered using appropriate technologies and refining. Figure 5a and 5b show the temperature changes occurring inside the liquid slag until it solidifies and reaches a temperature of about 400 °C. Figure 5c , in turn, represents the surface temperature of the sample. All the drawings show a gradual decrease in temperature without a temporary increase which is characteristic of glassy materials such as slag.
Summary
By creating a laboratory stand and developing a research methodology, you can get comprehensive information on the physical, chemical, refining and technological properties of liquid slags, as well as metals and their alloys. With the 3-point temperature measurement, both the inside of the bath and its surface can provide not only a more comprehensive view of the temperature distribution of the system, but also to delete the possible measurement error. In turn, developed application with database allows to search the composition of slag mixtures for different physicochemical properties. In addition, data can be supplemented with additional information based on own research. The database itself contains a collection of different compositions of slag mixtures. Each layout is represented in the form of a Gibbs graph, which is divided into 400 equal areas. Each research area can be modified in any way by using appropriate stimulators and catalysts that can change its physicochemical properties. In this way, the range of values of a given property can be increased, thereby striving for the desired results. It should also be borne in mind that the physicochemical properties of slag mixtures, and in particular their refining capacity, have a great influence on the technological properties of the metals and their alloys. They allow for a more efficient way to obtain the desired product not only in terms of chemical composition, but also for gassing of the system, or the difficulty of removing the slag layer from the bath. This is especially important in foundry. Therefore, the position and use of database applications can greatly facilitate the work of metallurgists, foundries, technologists and scientists themselves.
